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1. 

APPARATUS AND METHOD USING FIRST 
AND SECOND CLOCKS 

BACKGROUND 

Digital circuits may comprise multiple components work 
ing on different frequency clocks. For a proper operation of 
Such digital circuits, information on the different frequency 
clocks and their interdependencies is desirable. 

Numerically controlled oscillators (NCO) are used in a 
wide range of timing applications. Conventional NCOS Syn 
thesize a range of frequencies in response to a digital signal. 
Here, the range offrequencies generated by an NCO is related 
to the bit resolution of the input digital signal and the clock 
used to control the NCO. 

SUMMARY 

Various aspects are described herein. For example, some 
aspects are directed to methods and apparatuses for receiving 
an indication of a frequency ratio of first and second clocks; 
generating an indication of a number of clock pulses of the 
second clock occurring between first and second clock pulses 
of the first clock; and generating an indication of a time offset 
between (1) a clock pulse of the second clock occurring 
between the second clock pulse and a third clock pulse of the 
first clock, and (2) the second clock pulse of the first clock. 

Further aspects are directed to methods and apparatuses for 
receiving an input data word representing a fractional num 
ber, a first part of the input data word comprising an integer 
portion of the fractional number and a second part comprising 
a decimal portion of the fractional number; providing a first 
output data word that is either the first part of the input data 
word or an increment by one of the first part; and providing a 
second output data word that is an integer multiple of the 
second part. 

These and other aspects will be described in the following 
Detailed Description of Illustrative Embodiments. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

Various aspects as described herein are made more evident 
by way of example in the following detailed description of 
illustrative embodiments when read in connection with the 
attached figures. 

FIG. 1 shows an illustrative timing diagram 100. 
FIG. 2 schematically illustrates a digital device 200 as an 

exemplary embodiment. 
FIG. 3 schematically illustrates a digital device 300 as an 

exemplary embodiment. 
FIG. 4 schematically illustrates a digital device 400 as an 

exemplary embodiment. 
FIG. 5 schematically depicts an illustrative digital filter 

SOO. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

In the following one or more aspects and embodiments are 
described with reference to the drawings, wherein like refer 
ence numerals are generally utilized to refer to like elements 
throughout. In the following description, for purposes of 
explanation, numerous specific details are set forth in order to 
provide a thorough understanding. It may be evident, how 
ever, to one skilled in the art that one or more aspects as 
described herein may be practiced with a lesser degree of 
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2 
these specific details. In other instances, known structures and 
devices are shown in block diagram form in order to facilitate 
describing the one or more aspects. The following description 
is not to be taken in a limiting sense, and rather should be 
taken in an illustrative sense. 

In addition, while a particular feature or aspect of an 
embodiment may be disclosed with respect to only one of 
several implementations, such feature or aspect may be com 
bined with one or more other features or aspects of the other 
implementations as may be desired and advantageous for any 
given or particular application. Furthermore, to the extent that 
the terms “include”, “have”, “with', or other variants thereof 
are used in either the disclosure or the claims, such terms are 
intended to be inclusive in the same manner as the term 
“comprise'. The terms “coupled' and “connected, along 
with derivatives may be used. It should be understood that 
these terms may be used to indicate that two elements co 
operate or interact with each other regardless of whether they 
are in direct or indirect physical, electrical, or other type of 
communicative contact. Also, the term “exemplary' or “illus 
trative' refers to merely an example, rather than necessarily 
the best or optimal. 

FIG. 1 shows an illustrative timing diagram 100 based on a 
low frequency clock and a high frequency clock, both starting 
at a time to. The terms “low” and “high' frequency as used 
herein are relative terms and do not imply any absolute fre 
quency ranges. The timing diagram 100 shows three clock 
pulses of the low frequency clock (cf. high peaks at timest, 
to and ts) and sixteen clock pulses of the high frequency 
clock (cf. low peaks such as at time t). Since frequency ratios 
of the high frequency clock and the low frequency clock 
correspond to a fractional number (e.g. 16/3 or 3/16), the clock 
pulses of the high frequency clock do not coincide with the 
clock pulses of the low frequency clock at the times t and 
te. The first time of coincidence between the two frequency 
clocks is given at the time ts. 

During a first time interval between the times to and t, five 
clock pulses of the high frequency clock occur. Similarly, five 
clock pulses of the high frequency clock occur during a sec 
ond time interval between the timest, and tie. Here, the first 
clock pulse of the high frequency clock in the second time 
interval (cf. time ti) does not coincide with the first clock 
pulse of the low clock frequency at the time t. Instead, the 
clock pulse of the high frequency clock at the time t is 
arranged 2/3 (in units of the high frequency clock) to the right 
of the time t. A parameter Llo denotes a corresponding 
value of the time offset. 

A third time interval is given between the times to and ts. 
Six clock pulses of the high frequency clock occur in this third 
time interval, wherein the clock pulses of the low frequency 
clock and the high frequency clock coincide at the time ts. 
The first clock pulse of the high frequency clock in the third 
time interval (cf. time to) is arranged 73 (in units of the high 
frequency clock) to the right of the time t. A corresponding 
value of the time offset is denoted by a parameterloo. 

It is understood that further time intervals may succeed the 
described three time intervals. Such further time intervals 
may be obtained by simply repeating the first three time 
intervals. For example, a fourth time interval would then 
correspond to the first time interval, a fifth time interval would 
correspond to the second time interval and a sixth time inter 
val would correspond to the third time interval. 

FIG. 2 schematically illustrates a digital device 200 as an 
exemplary embodiment. In the following, the device 200 may 
also be denoted by the reference sign 1. The digital device 1 
includes a first input 2 configured to receive a signal indicat 
ing a ratio of the frequencies of a low frequency clock and a 
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high frequency clock. Referring back to FIG. 1, the ratio may 
take a value of for instance, 3/16 or 16/3. The device 1 further 
includes a first output 3 configured to provide a signal indi 
cating a first value indicating the number of clock pulses of 
the high frequency clock occurring between a first clock pulse 
and a second clock pulse of the low frequency clock. In terms 
of the example of FIG. 1, the first output 3 may thus output a 
signal indicating a value offive (cf. first time interval between 
the times to and t and second time interval between the 
times t and to) or a value of six (cf. third time interval 
between the times to and ts). 

The device 200 further includes a second output 4 to pro 
vide a signal indicating a second value indicating a time offset 
between a clock pulse of the high frequency clock, which 
occurs between the second clock pulse and a third clock pulse 
of the low frequency clock, and the second clock pulse of the 
low frequency clock. Referring back to the example of FIG. 1, 
the second output 4 may output a value of Llo (i.e. 2/3 in units 
of the high frequency clock) in connection with the first time 
interval, or a value of u in connection with the second time 
interval and a value of one in connection with the third time 
interval. 

Of course, if the time offsetsuo, and uo are known, any 
time offset between arbitrary clock pulses of the low and the 
high frequency clock may be determined by simply adding 
multiples of the clock frequencies. For example, the time 
offset between the high frequency clock pulse at a time t and 
the low frequency clock pulse at the timet may be obtained 
by adding the time offset u and two clock periods of the 
high frequency clock. 

The first input 2 may be configured, for example, to receive 
an input data word representing a fractional number which 
may represent the ratio of the low frequency clock and the 
high frequency clock. The input data word may be in the form 
of a binary bit sequence, but may also be based on any other 
numerical system. 
The input data word may include a first part and a second 

part, wherein the first part includes an integer portion of the 
fractional number and the second part includes a decimal 
portion of the fractional number. Note that the expression 
“decimal portion” may also be replaced by the expression 
“fractional portion’. For example, if the fractional number is 
16/3, the first part of the data word includes an integer portion 
of five, while the second part of the data word includes a 
decimal portion of /3. The sum of the integer portion and the 
decimal portion thus equals the fractional number. 
The first output 3 may be configured to provide a first 

output data word which is the first part of the input data word 
or an increment of the first part of the input data word. Refer 
ring back to FIG. 1, a ratio of the low frequency clock and the 
high frequency clock may be given by a fractional number 
such as 16/3. In this example, the first part of the data word 
represents an integer portion of five and the output of the first 
output 3 may thus provide a value of five or an increment by 
one of five, i.e. six. It is to be noted that the values output by 
the first output 3 correspond to the number of high frequency 
clock pulses occurring between Successive low frequency 
clock pulses as it is shown in the timing diagram 100 of FIG. 
1. 
The second output 4 may provide a second output data 

word which is an integer multiple of the second part of the 
input data word. Referring back to FIG. 1, the second part of 
a data word representing a fractional number of 16/3 corre 
sponds to a value of/3. The second output 4 may thus output 
integer multiples of/3, i.e. nx/3 with n being a natural num 
ber. For the timing diagram 100, the values output by the 
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4 
second output 4 may be /3, 2/3 or one, i.e. integer multiples of 
/3 Smaller than or equal to a value of one. 
FIG. 3 schematically illustrates a digital device 300 as an 

exemplary embodiment. The device 300 represents a more 
detailed implementation of the device 200 and may also be 
denoted by the reference sign 1. The device 1 includes a first 
input 2, a first output 3 and a second output 4, wherein the first 
input 2 is connected to a third adder 5. The third adder 5 is 
connected to a first (upper) signal path, a second (middle) 
signal path and a third (lower) signal path. 
The first signal path includes a first adder 6, a first discard 

ing unit 7, a first register 8.1 and a NOT gate 9 arranged in 
series. The first register 8.1 and the first adder 6 are connected 
by a feedback loop 10. The output of the NOT gate 9 is 
connected to the second output 4. The second signal path 
includes a second discarding unit 11 and a comparison unit 12 
arranged in series. The comparison unit 12 is connected to the 
first signal path at a contact arranged between the first dis 
carding unit 7 and the first register 8.1. The third signal path 
includes a third discarding unit 13, a second adder 14 and a 
switch 15. The switch 15 includes two switch positions selec 
tively connecting the first output 3 to the third discarding unit 
13 or the second adder 14. Moreover, the Switch 15 is con 
nected to the comparison unit 12 and a second register 8.2. 
The device 1 further includes a second input 16 connected to 
the third adder 5. 

In the following, an operating mode of the device 300 will 
be explained using the timing diagram 100 of FIG.1. The first 
time interval between the times to and t corresponds to a 
first operation cycle of the device 300. A ratio of a low 
frequency clock and a high frequency clock is input into the 
first input 2 of the device 300. A data word representing this 
ratio may, for example, be represented by 29 (e.g., unsigned) 
bits, wherein the 6 most significant bits (MSB) represent an 
integer portion of the ratio and the remaining 23 least signifi 
cant bits (LSB) represent a decimal portion of the ratio. For 
the case of the timing diagram 100, the ratio might have a 
value of 16/3. Accordingly, the six MSB represent an integer 
portion of five and the 23 LSB represent a decimal portion of 
/3. 
The ratio of the low frequency clock and the high frequency 

clock may be corrected by a correction value provided by the 
second input 16. The correction value is added to the ratio via 
the third adder 5. Such a correction may be helpful for the case 
of unstable frequency clocks that may occur for the case of 
unstable oscillators generating the frequency clocks. In the 
following example, the correction value is assumed to be 
ZO. 

The fractional value of 16/3 is forwarded to the first adder 
6. Since the first register 8.1 is set to a value of zero for the first 
operation cycle of the device 300, the feedback loop 10 pro 
vides a value of Zero to the first adder 6. The first discarding 
unit 7 thus receives a value of 16/3 and discards, e.g., deletes, 
the six MSB representing the integer portion of 16/3, i.e. a 
value of five. The remaining 23 LSB representing a value of 
I/3 are forwarded to the first register 8.1. The NOT gate 9 
receives the value of/3 and subtracts this value from a value 
of one leading to a value of 2/3 forwarded to the second output 
4. The described subtraction corresponds to inverting the 23 
LSB and may thus also be referred to as an inversion. 

Still referring to the first operation cycle of the device 300, 
the second discarding unit 11 in the second signal path dis 
cards the six MSB and forwards the remaining 23 LSB rep 
resenting a value of/3 to the comparison unit 12. In the lower 
signal path, the third discarding unit 13 discards the 23 LSB 
(in this example, a value of/3) and outputs the remaining six 
MSB representing a value offive. For the first operation cycle, 
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the switch 15 is set to a default first switch position connect 
ing the first output 3 to the output of the third discarding unit 
13. 
The comparison unit 12 compares a value X received from 

the first discarding unit 7 and a value y received from the 
second discarding unit 11. If the value x is smaller than the 
valuey, then in response the comparison unit 12 controls the 
switch 15 in such a way that the switch 15 changes from the 
first Switch position to a second Switch position connecting 
the first output 3 to the second adder 14. If the switch 15 is in 
the second Switch position, then in response the second adder 
14 adds a value of one to the value output by the third dis 
carding unit 13. In the first operation cycle, the values Xandy 
both equal /3 and thus the switch 15 does not change from the 
first to the second switch position. Since no value of one is 
added by the second adder 14 during the first operation cycle, 
the first output 3 outputs a value of five. 

In accordance with the timing diagram 100, the second 
output 4 outputs a value of 2/3 corresponding to the time offset 
uo. and the first output 3 outputs a value of five correspond 
ing to the number of clock pulses of the high frequency clock 
occurring during the first time interval between the times to 
and t11. 

In the following, the second and third operation cycle of the 
device 300 will be explained. Here, the second operation 
cycle corresponds to the second time interval between the 
timest and to and the third operation cycle corresponds to 
the third time interval between the times to and ts. For a 
better understanding, the following Table 1 shows illustrative 
values at different locations in the device 300 during its dif 
ferent operation cycles. 

TABLE 1. 

Cycle No. 8. b C lo l 

1 16.3 1,3 5 2.3 5 
16.3 2.3 5 1.3 5 

3 16.3 O 5 1 6 

In Table 1, the parameter a denotes the value input to the 
first input 2, the parameterb denotes the value output by the 
first discarding unit 7, the parameter c denotes the value 
output by the third discarding unit 13, the valueu denotes the 
time offset output by the second output 4 and the parametern 
denotes the number of high frequency clock pulses occurring 
during the regarded time interval output by the first output 3. 

For the first operation cycle, the table values have already 
been derived: a 16/3, b=/3, c=5, u% and n=5. Referring 
now to the second operation cycle, the ratio of the low fre 
quency clock and the high frequency clock remains the same, 
i.e. a = 1673. The first adder 6 adds a value of 16/3 and a value 
of/3 (provided by the feedback loop 10) leading to a value of 
17/3, the integer portion of which is discarded by the first 
discarding unit 7. Therefore, b equals a value of 2/3. Note that 
the addition performed by the first adder 6 may lead to an 
additional MSB for proper representation of the integer por 
tion of the ratio. An inversion performed by the NOT gate 9 
leads to a time offset value L of /3 for the second operation 
cycle output by the second output 4. 
Due to discarding the decimal portion of the input ratio 

16/3, the third discarding unit 13 outputs a value c of five. 
Since X equals 2/3 and y equals /3, the switch 15 does not 
change to the second Switch position connecting the first 
output 3 to the second adder 14. Accordingly, the second 
adder 14 does not add a value of one and the first output 3 
outputs a value of five. 
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6 
Referring now to the third operation cycle, the ratio inputat 

the first input 2 still remains the same, i.e. a 16/3. The first 
adder 5 adds a value of 16/3 and a value of 2/3 (provided by the 
feedback loop 10) leading to a value of 18/3, whose integer 
portion of six is discarded by the first discarding unit 7. 
Therefore, bequals zero and the NOT gate 9 forwards a time 
offset u of one to the second output 4. 
Due to discarding the decimal portion of the input ratio 

16/3, the third discarding unit 13 again outputs a value c of 
five. Since x now equals zero and y equals /3, the switch 15 
changes from the first Switch position to the second Switch 
position connecting the first output 3 to the second adder 14. 
Accordingly, the second adder 14 adds a value of one to the 
value c and the first output 3 outputs a value of six. 
As already mentioned in the description of FIG. 1, later 

time intervals may be obtained by simply repeating the first 
three time intervals. For example, a fourth time interval would 
then correspond to the first time interval, a fifth time interval 
would correspond to the second time interval, etc. In this 
connection, it is to be noted that the first register 8.1 may be 
reset to a value of zero after the third time interval has passed. 

FIG. 4 schematically illustrates a digital device 400 as an 
exemplary embodiment. The device 400 represents a more 
detailed implementation of the device 200 and may also be 
denoted by the reference sign 1. The device 1 includes a first 
input 2, a first output 3 and a second output 4, wherein the first 
input 2 is connected to a first (upper) signal path and a second 
(lower) signal path. The first signal path includes a first adder 
6, a first discarding unit 7, a first register 8, a second discard 
ing unit 11 and a NOT gate 9 arranged in series. The first 
register 8 and the first adder 6 are connected by a feedback 
loop 10. The output of the NOT gate 9 is connected to the 
second output 4. 
The second signal path includes a third discarding unit 13, 

a second register 17, a second adder 14 and a switch 15. The 
switch 15 includes two switch positions selectively connect 
ing the first output 3 to the second register 17 or the second 
adder 14. A comparison unit 12 is connected to the switch 15 
and to the first signal path at a contact arranged between the 
first register 8 and the second discarding unit 11. The digital 
device 400 further includes a second input 16 connected to the 
comparison unit 12 to provide an external value. 
The operating mode of the digital device 400 generally 

corresponds to the operating mode of the digital device 300. 
The description of FIG.3 may thus be adapted to FIG. 4. A 
comparison of FIGS. 3 and 4 shows the following differences 
between the devices 300 and 400. In contrast to the device 
300, the comparison unit 12 of the device 400 may be con 
trolled by a value which may be provided by an external 
application via the second input 16. The digital device 400 
includes an additional discarding unit 11 offering the possi 
bility of discarding LSB, for example if lesser accuracy is 
desired. Further, the digital device 400 includes an additional 
register 17 which has been included to provide a required 
latency. In FIG. 4, the contact connecting the first signal path 
to the comparison unit 12 is arranged downstream of the first 
register 8, while the corresponding contact of FIG. 3 is 
arranged upstream of the first register 8. Note that the dis 
carding unit 7 may also be arranged upstream of the first adder 
6. This way, the first adder 6 receives the decimal portion of 
the input ratio. 

FIG. 5 schematically illustrates a digital filter 500. From 
the following description it will become apparent that the 
digital filter 500 receives specific input for its operation. For 
example, Such an input may be provided by the digital device 
3OO. 
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The digital filter 500 includes a first stage 18 operating at a 
low frequency clock and a second stage 19 operating at a high 
frequency clock. A ratiou of the low frequency clock and the 
high frequency clock may be a fractional number. For the case 
of the timing diagram 100, the ratio l may have values of 3/16 
or 16/3. 
The first stage 18 includes a first register 20, multipliers 

21.11, 21.12, 21.21, 21.22, calculation units 22.11, 22.12, 
22.21, 22.22 and adders 23.1, 23.2. The components included 
in the first stage 18 are connected amongst each other via 
signal paths as illustrated in FIG. 5. 
The digital filter 500 is configured to receive input data to 

be filtered (cf. "Input'), the ratiou? of the low frequency clock 
and the high frequency clock and the time offset L. These 
input values may be received by an arbitrary number of inputs 
of the digital filter 500. Each of the calculation units 22.11 to 
22.22 is configured to receive the values Landu, and thus the 
input of the digital filter 500 receiving the values of u and u. 
is connected to the calculations units 22.11 to 2.22. Note that 
the time offsetu received by the input of the digital filter 500 
may be provided by the digital device 300. 
The second stage 19 includes a closed-loop time-delay 

element having an adder 24 and a second register 25 arranged 
in series, wherein an output of the second register 25 is 
connected to an input of the adder 24 via a feedback loop 26. 
The second stage 19 may be referred to as integrator stage and 
further includes an output (cf. “Output') to provide filtered 
output data. The first stage 18 and the second stage 19 are 
connected by sampling circuits 27.1 and 27.2. 
The digital filter 500 further includes a counter configured 

to count down an arbitrary number. For example, the counter 
may count down a number of clock pulses of the high fre 
quency clock occurring between a first clock pulse and a 
second clock pulse of the low frequency clock (cf. timing 
diagram 100). The counter may be connected to the sampling 
circuit 27.2 in such a way that this circuit may set the second 
register 25 to a predetermined value when the counter has 
count down the first number. The predetermined value may 
correspond to a value stored in the sampling circuit 27.2. Note 
that the number of clock pulses to be counted down may be 
provided by the digital device 300. 

In the following, an operating mode of the digital filter 500 
will be explained. The digital filter 500 receives input data to 
be filtered (cf "Input') of a low frequency clock. Since the 
digital filter 500 is a linear filter, its pulse response may be 
determined by four filter coefficients k, k, k, k that 
may be written in form of a matrix 

Each of the calculation units 22.11 to 22.22 calculates a 
different one of the filter coefficients k.k. k.k which 
are then multiplied with the input data to be filtered by means 
of the multipliers 21.11 to 21.22. Note that input data passing 
the first register 20 is delayed in comparison to input data not 
passing the first register 20. 
The filter coefficients k. k. k.k. may depend on at 

least one of the ratio of the low frequency clock and the high 
frequency clock L, and the time offset L. Here, the calcula 
tion of the digital filter coefficients k.k. k.k by means 
of the calculation units 22.11 to 22.22 may be based on an 
arbitrary functional relationship. For example, the matrix M 
may be derived to read 

(1). 
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The input data processed by the components (multipliers, 
adders, etc.) of the first stage 18 is forwarded to the sampling 
circuits 27.1 and 27.2 via two signal paths. The sampling 
circuit 27.1 is clocked with the high frequency clock and due 
to the summation performed by the adder 24, the value of the 
second register 25 is incremented at each clock pulse of the 
high frequency clock (cf. low peaks in FIG. 1). The sampling 
circuit 27.2 sets the value of the second register 25 to a 
predetermined value at each clock pulse of the high frequency 
clock following a clock pulse of the low frequency clock (cf 
low peaks following the high peaks in FIG. 1). The times of 
these clock pulses are determined by the values of the time 
offset u and the number n of clock pulses of the high fre 
quency clock occurring between clock pulses of the low fre 
quency clock. In particular, at or otherwise responsive to the 
clock pulses of the high frequency clock, the sampling circuit 
27.2 writes processed input data received by the adder 23.1 
into the second register 25. 

For example, referring to the second time interval of FIG. 
1, the counter of the digital filter 500 counts down from a 
value of five (cf. the five low peaks occurring between the 
timest and t2). Reaching the value of zero and taking into 
account the value of the time offsetuo, the sampling circuit 
27.2 writes a value into the second register 25 at the time of 
or otherwise responsive to, the clock pulse of the high fre 
quency clock following the clock pulse of the low frequency 
clock at the time to. 
From the above description, it becomes apparent that the 

digital filter 500 uses the values of the ratiou, the time offset 
Land the number of high frequency clocks n (cf. Table 1) for 
its operation. The value of n output by the first output 3 of the 
digital device 300 is used to set the second register 25 of the 
digital filter 500 to a predetermined value at the right time. 
Moreover, the time offset u output by the second output 4 of 
the digital device 300 is used for the calculation units 22.11 to 
22.22 to calculate the filter coefficients k.k. k.k of the 
digital filter 500. It is understood that the output values of the 
digital device 300 may also be used by any other circuit 
element working on two different frequency clocks. 

(2). 

What is claimed is: 
1. An apparatus, comprising: 
a first input configured to receive a first signal representing 

a frequency ratio of a first clock and a second clock, the 
second clock having a higher frequency than the first 
clock; 

a first output configured to provide a second signal repre 
senting a number of clock pulses of the second clock 
occurring between a first clock pulse and a second clock 
pulse of the first clock; and 

a second output configured to provide a third signal to a 
digital filter, the third signal representing a time offset 
between (1) a clock pulse of the second clock that occurs 
between the second clock pulse and a third clock pulse of 
the first clock, and (2) the second clock pulse of the first 
clock, and wherein the digital filter comprises a first 
stage configured to operate at the first clock and a second 
stage configured to operate at the second clock. 

2. The apparatus of claim 1, wherein the ratio of the first 
clock and the second clock is a fractional number. 

3. The apparatus of claim 1, wherein the second clock pulse 
of the first clock occurs after the first clock pulse of the first 
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clock, and the third clock pulse of the first clock occurs after 
the second clock pulse of the first clock. 

4. The apparatus of claim 1, wherein the ratio of the first 
clock and the second clock is represented by a first bit 
Sequence. 

5. The apparatus of claim 1, further comprising: 
a first adder configured to add a correction value to the ratio 

of the first clock and the second clock. 
6. The apparatus of claim 1, wherein the first output is 

configured to provide the second signal to the digital filter. 
7. The apparatus of claim 1, further comprising: 
a first signal path coupled between the first input and the 

Second output, the first signal path comprising a first 
adder, the first adder an input coupled to the first input; 
and 

a second signal path coupled between an output of the first 
adder and the first output. 

8. The apparatus of claim 7, wherein the second signal path 
comprises a second adder. 

9. The apparatus of claim 7, wherein the first signal path 
further comprises a first discarding unit and a first register, 
wherein the first adder, the first discarding unit, and the first 
register are coupled in series. 

10. The apparatus of claim 9, further comprising: 
a second adder having a first input coupled to an output of 

the first adder; and 
a feedback path coupling the output of the first register to a 

second input of the second adder. 
11. The apparatus of claim 9, wherein the second signal 

path comprises a second discarding unit and a second register 
in series with each other, where an output of the second 
discarding unit is coupled to the output of the first adder. 

12. The apparatus of claim 11, further comprising a third 
discarding unit and a comparator, the comparator having: a 
first input coupled to an output of the third discarding unit, a 
Second input coupled to an output of the first discarding unit, 
and an output coupled to an input of the second register. 

13. An apparatus, comprising: 
a first input configured to receive a first signal representing 

a frequency ratio of a first clock and a second clock, the 
second clock having a higher frequency than the first 
clock; 

a first output configured to provide a second signal repre 
senting a number of clock pulses of the second clock 
occurring between a first clock pulse and a second clock 
pulse of the first clock; 

a second output configured to provide a third signal repre 
senting a time offset between (1) a clock pulse of the 
Second clock that occurs between the second clock pulse 
and a third clock pulse of the first clock, and (2) the 
second clock pulse of the first clock wherein the ratio of 
the first clock and the second clock is represented by a 
first bit sequence; 

a first adder; 
a register arranged in series with the first adder; 
a feedback loop coupling the register to the first adder; and 
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10 
a first discarding unit, wherein the first adder is configured 

to add the ratio of the first clock and the second clock 
with a value received by the feedback loop and to output 
a second bit sequence, and the first discarding unit is 
configured to generate a third bit sequence by discarding 
at least one of the bits of the second bit sequence. 

14. The apparatus of claim 13, further comprising: 
a second discarding unit configured to generate a fourth bit 

sequence by discarding at least one of the bits of the first 
bit sequence; and a comparison unit configured to com 
pare the third bit sequence with the fourth bit sequence. 

15. The apparatus of claim 14, further comprising: 
a third discarding unit configured to generate a fifth bit 

sequence by discarding at least one of the bits of the first 
bit sequence; and a second adder configured to add a 
value of one to the fifth bit sequence. 

16. The apparatus of claim 15, further comprising: 
a Switch, controlled by the comparison unit, configured to 

Switch between coupling the third discarding unit to the 
first output and coupling the second adder to the first 
output. 

17. The apparatus of claim 13, further comprising: 
a NOT gate arranged in series with the register. 
18. A method, comprising: 
receiving an indication of a ratio of a frequency of a first 

clock and a second clock: 
generating an indication of a number of clock pulses of the 

second clock occurring between a first clock pulse and a 
second clock pulse of the first clock; 

generating an indication of a time offset between (1) a 
clock pulse of the second clock, which occurs between 
the second clock pulse and a third clock pulse of the first 
clock, and (2) the second clock pulse of the first clock, 
wherein the number of clock pulses of the second clock 
occurring between a first clock pulse and a second clock 
pulse of the first clock depends on the time offset; and 

providing the indication of time offset to a digital filter 
having a first stage configured to operate at the first clock 
and a second stage configured to operate at the second 
clock. 

19. The method of claim 18, wherein the ratio of the first 
clock and the second clock is a fractional number. 

20. The method of claim 18, wherein the second clock 
pulse of the first clock occurs after the first clock pulse of the 
first clock, and the third clock pulse of the first clock occurs 
after the second clock pulse of the first clock. 

21. The method of claim 18, wherein the digital filter 
comprises a first stage and a second stage, the method further 
comprising operating the first stage at the first clock and the 
second stage at the second clock. 

22. The method of claim 18, further comprising providing, 
to the digital filter, the indication of the number of clock 
pulses of the second clock occurring between a first clock 
pulse and a second clock pulse of the first clock. 
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